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Table 1. Peptide candidates used for personalized peptide vaccine (PPV).

Sasada et al.

Peptide Name HLA Restriction Original Protein Position Amino Acid Sequence
CypB-129 A2 A3sup Cyclophilin B 129-138 KLKHYGPGWV
EGFR-800 A24 EGF-R 800-80% DYVREHKDNI
EZH2-735 A24 EZH2 735-743 KYVGIEREM

HNRPL-140 A2 HNRPL 140-148 ALVEFEDVL
HNRPL-501 A2 A26 HNRPL 501-510 NVLHFFNAPL
Lck-90 A3sup p56 Ik 90-99 ILEQSGEWWK
Lck-208 A24 p56 Ick 208-216 HYTNASDGL
Lck-246 A2 p56 Ick 246-254 KLVERLGAA
Lck-422 A2 A3sup p56 Ick 422-430 DVWSFGILL
Lck-449 A3sup p56 Ick 449-458 VIQNLERGYR
Lck-486 A24 p56 Ik 486-494 TFDYLRSVL
Lck-488 A24 P56 Ick 488-497 DYLRSVLEDF
MAP-432 A2 A26 ppMAPkkk 432-440 DLLSHAFFA
MRP3-503 A24 MRP3 503-511 LYAWEPSFL
MRP3-1293 A24 MRP3 1293-1302 NYSVRYRPGL
PAP-213 A24 PAP 213-221 LYCESVHNF
PAP-248 A3sup PAP 248-257 GIHKQKEKSR
PSA-248 A24 PSA 248-257 HYRKWIKDTI
PSMA-624 A24 PSMA 624-632 TYSVSFDSL
PTHrP-102 A24 PTHrP 102-111 RYLTQETNKV
SART2-93 A24 SART2 93-101 DYSARWNEI
SART2-161 A24 SART2 161-169 AYDFLYNYL
SART3-109 A24 A3sup A26 SART3 109-118 VYDYNCHVDL
SART3-302 A2 SART3 302-310 LLQAEAPRL
SART3-309 A2 SART3 309-317 RLAEYQAYI
SART3-511 A3sup SART3 511-519 WLEYYNLER
SART3-734 A3sup SART3 734-742 QIRPIFSNR
UBE-43 A2 UBE2V 43-51 RLQEWCSVI
UBE-85 A2 UBE2V 85-93 LIADFLSGL
WHSC2-103 A2 A3sup A26 WHSC2 103-111 ASLDSDPWV
WHSC2-141 A2 WHSC2 141-149 ILGELREKV

A3sup: HLA-A3 supertype (A3, All, A31, or A33); EGF-R: Epidermal Growth Factor Receptor; EZH2: enhancer of zeste homolog 2; HNRPL: heterogeneous nuclear ribonucleo-
protein L; ppMAPkkk: partial putative mitogen-activated protein kinase kinase kinase; MRP3: multidrug resistance-associated protein 3; PAP: Prostatic acid phosphatase; PSA:
prostate specific antigen; PSMA: Prostate specific membrane antigen; PTHIP : parathyroid hormone-related peptide; SART2: squamous cell carcinoma antigen recognized by T cells
2; SART3: squamous cell carcinoma antigen recognized by T cells 3; UBE2V: ubiquitin-conjugated enzyme variant Kua; WHSC2: Wolf-Hirschhorn syndrome candidate 2.

the selected peptides are administered weekly for at least
the first cycle of six vaccinations, since a clear trend
toward better immune responses was observed among the
patients who underwent the weekly administration protocol
compared to those who underwent a bi-weekly protocol in
our previous clinical trials [47].

One of the noticeable characteristics of our PPV formula-
tion is that it screens vaccine antigen candidates before vac-

cination, based on CTL-precursor frequencies and/or immu-
noglobulin G (IgG) titers specific to each of the candidates in
pre-vaccination blood samples from each patient [25]. In the
earlier stage of translational studies of PPV, pre-existing
immunity was defined by the frequencies of CTL precursors
in pre-vaccination peripheral blood mononuclear cells
(PBMC) by detecting peptide-specific IFN-y production by
enzyme-linked immunosorbent assay (ELISA) [47-51].
However, we are currently evaluating the pre-existing im-
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munity to vaccine candidates by measuring peptide-specific
IgG titers in pre-vaccination plasma by the multiplex bead-
based Luminex assay rather than CTL precursor frequencies,
since the performance characteristics, such as the sensitivity
and reproducibility, of the current T-cell assays are some-
times unsatisfactory for detecting low frequencies of antigen-
specific CTL [52, 53]. In contrast to the drawbacks inherent
to T-cell assays, the multiplex bead-based Luminex technol-
ogy that we have developed to monitor B-cell responses al-
lows simple, quick, and highly reproducible high-throughput
screening and monitoring of 1gG responses specific to a large
number of peptide antigens with a tiny amount of plasma
[36, 54, 55]. Indeed, the selection of vaccine antigens based
on IgG titers seemed to be useful for predicting CTL boost-
ing after vaccination in our clinical trials. The predictive
power of evaluating the existence of antigen-specific CTL
precursors solely by the humoral responses before vaccina-
tion could be estimated at around 50% when four peptides
were chosen for PPV in each patient [56, 57].

2.3. Clinical Trials of PPV for Advanced Cancers

A series of phase I, I/1I, and II clinical trials of PPV has
been conducted in the past several years for various types of
advanced cancer patients. Table 2 summarizes the immune
and clinical responses of advanced cancer patients treated
with PPV. In the following sections, we provide some de-
tailed information on these clinical studies.

2.3.1. Castration-Resistant Prostate Cancer (CRPC)

In phase 1 studies of PPV for advanced HLA-A2" or
HLA-A24" CRPC, we have reported increased cellular and
humoral immune responses and decreased PSA levels in
some patients [58, 59]. In a phase I dose-escalation study of
PPV (1, 3, and 5 mg/peptide injection) for HLA-A24"
CRPC, we have also demonstrated that a dose of 3
mg/peptide injection showed better cellular immune re-
sponses to vaccine peptides than either 1 or 5 mg/peptide
injections, although the maximum tolerated dose (MTD) was
not determined [56]. In addition, in a phase I/II study of 58
HLA-A2" or HLA-A24" CRPC patients, a combination of
PPV and low-dose estramustine phosphate (EMP) showed a
median survival time (MST) of 17 months (95% confidence
interval (95% CI), 12 to 25 months), along with a decreased
serum PSA level in the majority (76%) of patients [60]. The
same study also revealed that fewer lymphocytes, negative
immunological responses to vaccine antigens, and poor per-
formance status were independent predictors of disease-
related death [60].

Subsequently, we conducted a randomized phase II trial
to compare PPV plus low-dose EMP with standard-dose
EMP in HLA-A2" or HLA-A24" CRPC patients. The pa-
tients receiving PPV in combination with low-dose EMP
showed a significantly longer progression-free survival
[MST, 8.5 months vs 2.8 months; hazard ratio (HR), 0.28
(95% CI, 0.14-0.61); P = 0.0012] and overall survival [MST,
undefined vs 16.1 months; HR, 0.30 (95% CI, 0.1-0.91); P =
0.0328] than those receiving standard-dose EMP alone, sug-
gesting the efficacy of this combination therapy [61]. In an-
other phase 1I study, we compared docetaxel-based chemo-
therapy (DBC)-resistant CRPC patients undergoing PPV (n
=20) with a historical control (n = 17). MSTs from the fail-
ure of previous DBC treatments were 17.8 and 10.5 months
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in patients treated with and without PPV, respectively [62].
These promising results suggested that PPV warrants further
study as a novel therapy for CRPC patients, even for those
with progressive disease following DBC treatment. A phase
III randomized clinical trial of PPV is currently under way in
DBC-resistant CRPC patients.

2.3.2. Malignant Glioma

In a phase I clinical study, we demonstrated the feasibil-
ity of PPV for HLA-A2" or HLA-A24" advanced malignant
glioma patients [47]. The clinical responses of 27 patients
who received more than six vaccinations were partial re-
sponse (PR) in 5, stable disease (SD) in 8, and progressive
disease (PD) in 8 patients, with a MST of 20.7 months. Sig-
nificant levels of IgG specific to vaccine peptides were de-
tected after vaccination in the tumor cavity or spinal fluid
obtained from patients who had shown favorable clinical
responses. Another phase I clinical trial in HLA-A24" pa-
tients with recurrent or progressive GBM also showed the
safety and increased immune boosting of PPV with potential
clinical benefits, with a MST of 10.6 months even after fail-
ure of the standard temozolomide treatment [57]. On the
basis of these promising results, double-blind randomized
phase III trials are under way in GBM patients resistant to
the standard treatment.

2.3.3. Pancreatic Cancer and Biliary Tract Cancer

We have conducted a phase I trial of PPV in 13 HLA-
A2" or HLA-A24" patients with advanced pancreatic cancer,
where the patients were treated by PPV at three different
doses (1, 2, or 3 mg/peptide) in combination with gemcitabin
(GEM) [63]. This combination therapy was well tolerated,
and 11 of 13 patients (85%) showed reduced tumor sizes
and/or levels of tumor markers. Peptide-specific CTL re-
sponses were augmented at each dose level, and the incre-
ment of peptide-specific IgG antibodies was dependent on
the peptide dose. These findings suggested that GEM did not
inhibit the immune responses induced by PPV. Subse-
quently, we conducted a phase II trial of PPV in combination
with GEM to evaluate the safety, clinical efficacy, and anti-
gen-specific immune responses as a front-line therapy for 21
HLA-A2" or HLA-A24" nonresectable patients with ad-
vanced pancreatic cancer [64]. This combination therapy was
also well tolerated, and the best clinical responses were PR
in 7, SD in 9, and PD in 5 patients. The MST of all 21 pa-
tients was 9 months with a 1-year survival rate of 38%,
which was better than that reported for GEM alone (MST of
5.7 months with a 1-year survival rate of 18%) [65]. Impor-
tantly, the MST was 15 months in patients who showed im-
munological responses to vaccine peptides.

We also conducted a phase II clinical trial of PPV in 25
HLA-A2" or HLA-A24" chemotherapy-resistant patients
with advanced biliary tract cancer [66]. When two to four
vaccine peptides selected by pre-existing immunity were
administered to the patients in this study, humoral and/or T-
cell responses specific to the vaccine antigens were substan-
tially induced in a subset of the patients without severe ad-
verse events. Greater numbers of selected and vaccinated
peptides were significantly favorable factors for overall sur-
vival (HR = 0.258, 95% CI = 0.098-0.682, P = 0.006) in this
study (Table 3).
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Table2. List of clinical trials of personalized peptide vaccines (PPV) for advanced cancer.

Toxiciti H 1| Cellul
or Disease | Phase | HLA | Combined | No.of | Clinical | MST °é‘°'d es | Fumoral) TETWAN | peter-
an
& condition of trial | restriction | treatment | Patients response (months) (Grade response | response ence
3/4) (7o) (")
Prostate
(CRPC) Advanced I A24 - 10 SD 50% NA - 60 40 [58]
Prostate
(CRPC) Advanced I A24 EMP 13 PR 63% 24 G3,5% 91 55 [114]
Prostate
(CRPC) Advanced I A2 - 10 SD 30% 22 - 70 40 [59]
Prostate
(CRPC) Advanced 111 A24 EMP 16 PR 43% 17 - 50 71 [115]
Prostate
(CRPC) Advanced /11 A2/A24 EMP 58 PR 24% 17 G3,7% | 88 78 [60]
Prostate
(CRPC) Advanced 1 A24 EMP 15 PR 13% 24 - 47 67 [56]
Prostat: I (Ran- 8.5M 22.4M
rostate 1 Advanced (Ran- 1 o iana EMP 57 VS v - 64 50 [61]
(CRPC) domized) 2.8M (PFS) 16.1M
Prostate A2/A24/
Advanced I - 42 PR 12% 17.8 - 44 34 [62]
(CRPC) A3sup/A26
Prostate Localized 11 A24 - 10 PR20% NA - 80 80 [116]
Advanced
. , PR 24%,
Brain malignant I A2/A24 - 21 D 38% NA - 40 - 64 50-82 [47]
glioma )
. Advanced PR 17%,
Brain I A24 - 12 10.6 - 17 75 [57]
GBM SD 42%
PR 15%,
Pancreas | Advanced I A2/A24 GEM 13 7.6 - 69 69 [63]
SD 54%
PR 33%,
Pancreas Advanced I A2/A24 GEM 21 9 - 72 78 [64]
SD 43%
Biliary A2/A24/ Chemo-
Advanced I 25 SD 32% NA G3,4% 35 47 [661
tract A3sup/A26 therapy
Stomach Advanced I A2/A24 - 13 SD 45% NA - 80 50 [671
Stomach
Colorectal Advanced il A2/A24 S-1 11 SD 36% NA G3,18% 81 63 [69]
Colorectal | Advanced I A24 - 10 PR 10% NA - 70 50 [68]
. UFT
Colorectal | Metastatic 1 A2/A24 UZEL 13 SD 43% 19.6 G3,7.7% 69 85 {70]
Lung Advanced I A24 - 10 SD 80% 152 - 40 40 (50
L Advanced it A2/A24 | Chemo- 41 SD 56% 10.1 G3, 7% 49 34 71
e (NSCLC) A3sup/A26 |  therapy ’ ' e 7
L Advanced 1 A2/A24 | Chemo- 10 SD 20% 62 G3, 4% 83 83 72]
ung (SCLC) A3sup/A26 |  therapy ° ’ S [
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(Table 2) contd....

Toxiciti H 1| Celluk
Disease Phase HLA Combined No. of Clinical MST oxierties vmora war Refer-
Organ ondition of trial | restriction | treatment | Patients esponse ( ths) (Grade respamse | response
C i { 4 1CLL 1 1 I mon!
p 0 3/d) (%) %) ence
CR 10%.

Urothelial | Advanced 1 A2/A24 - 10 ’ 24 - 80 80 73
rothelial van PR 10% [73]
Kidney Metastatic I A2/A24 - 10 SD 60% 23 - 80 5 [74]
Uteri

CIC | Recurrent | A2IA24 - 14 SD 36% NA G3,8% 86 86 49]
Ovary
li t
Skin | Malignan I A2IA24 - 7 SD 43% NA . 57 86 [51]
melanoma

CRPC: castration-resistant prostate cancer; GBM: glioblastoma multiforme; SCLC: small cell lung cancer; NSCLC: non-small cell lung cancer; A3sup: HLA-A3 supertype (A3, All,
A31, or A33); EMP: estramustine phosphate; GEM: gemcitabine; CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; PFS: progression-free

survival; MST: median survival time; NA: not assessed; M: months.

Table3. Biomarkers for personalized peptide vaccines (PPV) for advanced cancer.
Type of cancer Factor Statistical analysis (HR, 95% CI, P value) | Reference
Performance status (1, 2, 3 vs 0) HR=2.295;95%ClI, 1.653 -3.188,;
P <0.0001
<15 > =1.472;95% . -1
Miscellaneous (n = SO0 Lymphocyte counts (<1500uL vs > 1500uL) HR=1.472;95% CI, 1.099 - 1.972, 136]
P =0.0095
1gG responses to antigens after vaccination HR =1.455,95%CI, 1.087 - 1.948,
(no vs yes) P=0.0116
IL-6 (Not determined)
te (CRPC, n=40
Prostate ( -n ) MDSC (Not determined) [81]
- 0, = -
Non-small lung cell cancer (n=41)" C-reactive protein (CRP) HR=10.115, 9§ =/__° (?f) 0 12'447 41.806, [71]
IL-6 HR=1.123,95% CI = 1.008 -1.252,
P=0.035
. Albumin HR =0.158; 95% CI, 0.029 - 0.860;
{ tract =25)" > > »
Biliary tract (n ) P=0033 [66]
Numbers of vaccine peptides HR =0.258,95% CI = 0.098-0.682,
P =0.006

“Potential biomarkers for PPV were determined by multivariate Cox regression analyses. ; HR: hazard ratio; CI: confidence interval; CRPC: castration-resistant prostate cancer;

MDSC: myeloid-derived suppressor cells.

2.3.4. Gastric Cancer and Colorectal Cancer

In a phase I clinical trial of PPV in 13 HLA-A2" or HLA-
A24" patients with advanced gastric cancer (9 nonscirrhous
and 4 scirrhous), prolonged survival was observed in patients
who showed cellular and humoral immune responses to the
vaccine peptides in the post-vaccination blood samples, in-
cluding all 4 patients with the scirrhous type [67]. In addi-
tion, a phase I clinical trial of PPV in 10 HLA-A24" patients
with advanced colorectal cancer showed one PR and one SD,
each continuing for more than 6 menths [68].

In a phase I/II clinical trial of PPV in combination with
three different doses (20, 40, or 80 mg/m*/day) of oral ad-
ministration of a 5-fluorouracil derivative, S-1, for 11 HLA-
A2" or HLA-A24" advanced gastric or colorectal cancer pa-
tients [69], the combined administration of the standard dose
(80 mg/m*/day) of S-1 did not inhibit immunological re-

sponses to vaccine antigens, but instead maintained or aug-
mented them. In another phase I clinical trial for 13 HLA-
A2" or HLA-A24" metastatic colorectal cancer patients [70],
the combined treatment of PPV and the oral administration
of a 5-fluorouracil derivative, UFT, and calcium folinate,
UZEL, proved to be safe and to induce good antigen-specific
immune responses. In this trial, IgG responses to the vaccine
peptides correlated well with overall survival. These encour-
aging results suggest that combined treatment with PPV and
standard chemotherapeutic agents might be promising for
advanced gastric and colorectal cancers.

2.3.5. Lung Cancer

The prognosis of advanced lung cancer patients remains
very poor, with a MST of around 6-10 months. Phase I and II
studies of PPV in a small number of patients with refractory
NSCLC demonstrated that PPV was safe and well tolerated,
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with no major adverse effects, and that PPV treatment re-
sulted in fonger survival (MST of 10.1 or 15.2 months) [50,
71]. A clinical study in 10 advanced small cell lung cancer
(SCLC) also showed the safety and feasibility of PPV [72].

2.3.6. Urothelial Cancer

A phase I clinical trial of PPV was conducted in 10 HLA-
A2" or HLA-A24" refractory urothelial cancer patients [73].
In this study, some patients treated by PPV showed clear
clinical responses as evaluated by the Response Evaluation
Criteria in Solid Tumors (RECIST) criteria with boosted
immune responses: CR in 1, PR in 1, and SD in 2 patients.
These 4 responders showed better progression-free survival
(MST, 21 months) and overall survival (MST, 24 months),
suggesting the potential clinical efficacy of PPV for ad-
vanced urothelial cancer.

2.3.7. Other Cancers

We also conducted phase I clinical trials for other ad-
vanced cancers, including metastatic renal cell carcinoma
(RCC) [74], gynecologic cancers [49], and malignant mela-
noma [51]. All of these studies demonstrated that PPV was
safe and well tolerated with no major adverse effects, and
that good immune responses to vaccine antigens were in-
duced in many of the patients after PPV. Further clinical
trials would be required to clearly prove the clinical benefits
of PPV in these cancers.

2.4. Biomarkers for PPV (Table 3)

Recent clinical trials of cancer immunotherapies, includ-
ing peptide-based cancer vaccines, have demonstrated that
only a subset of patients show clinical benefits. Furthermore,
unexpectedly, some large clinical trials in the past several
years have demonstrated that cancer vaccines might some-
times show worse clinical outcomes [75, 76]. It would thus
be important to identify predictive biomarkers that could
accurately assess anti-tumor immune responses and predict
patient prognosis following the administration of cancer vac-
cines. In some clinical trials, several post-vaccination bio-
markers, including CTL responses, Thl responses, delayed-
type hypersensitivity (DTH), and autoimmunity, have been
reported to be associated with clinical responses.[77-80].
However, there are currently no validated biomarkers for
cancer vaccines in widespread use.

To identify biomarkers for PPV, we statistically reviewed
500 advanced cancer patients undergoing PPV from October
2000 .to October 2008 [36]. Both lymphocyte counts before
vaccination (P = 0.0095) and increased 1gG response (P =
0.0116) to the vaccine peptides after vaccination, along with
performance status (£ < 0.0001), were well correlated with
overall survival. In CRPC patients treated with PPV (n = 40),
a comprehensive study of soluble factors assessed by multi-
plexed bead array in plasma and gene expression profiles by
DNA microarray in PBMC demonstrated that higher IL-6
level and granulocytic myeloid-derived suppressor cells
(MDSC) in the peripheral blood before vaccination were
closely related to poorer prognosis in the vaccinated patients
[81]. By multivariate Cox regression analyses in patients
with refractory NSCLC (n = 41), higher C-reactive protein
(CRP) level before vaccination was a significant predictor of
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unfavorable overall survival (HR = 10.115, 95% CI = 2.447
— 41.806, P = 0.001) [71]. In addition, in refractory biliary
tract cancer patients (n = 25), multivariate Cox regression
analyses showed that higher 1L-6 and lower albumin levels
before vaccination were significantly unfavorable factors for
overall survival [HR = 1.123, 95% CI = 1.008 - 1.252, P =
0.035; HR = 0.158, 95% CI = 0.029 - 0.860, P = 0.033; re-
spectively] [66].

Collectively, these findings suggested that less inflamma-
tion may contribute to better responses to PPV, indicating
that the evaluation of inflammatory factors before vaccina-
tion could be useful for selecting cancer patients who are
appropriate for PPV (Table 3). An early phase clinical trial is
under way to reveal whether or not the blockage of I1.-6-
mediated inflammatory signaling with a humanized anti-1L-6
receptor monoclonal antibody, tocilizumab, would be bene-
ficial for enhancing the immune and/or clinical responses
after PPV in advanced cancer patients who show higher
plasma IL-6 levels [82, 83].

3. OTHER NEW TYPES OF PEPTIDE VACCINES

Recent early phase clinical trials have also demonstrated
significant advances in other types of therapeutic peptide-
based vaccines [19, 20]. Several new types of peptide-based
vaccines are reviewed in this section (Fig. 1).

3.1. Multi-Peptide Vaccine Consisting of CTL and Helper
T-Cell Epitopes

Numerous helper T-cell epitopes have been identified
from TAA. Since helper T cells are known to play crucial
roles in the efficient induction of CTL responses, cancer
vaccines, which consist of both HLA class Il-restricted
helper epitopes recognized by CD4 T cells and class I-
restricted CTL epitopes recognized by CD8 T cells, have
been developed and clinically tested [84-89]. For example,
Kuball et al. conducted a phase I study of a multi-peptide
vaccine consisting of multiple CTL epitopes from Wilms
tumor gene-1 (WT-1), proteinase 3 (Pr3) and mucin 1
(MUCT1), and MUCI-helper epitope or pan HLA-DR epitope
(PADRE) [84]. Each peptide was formulated separately and
injected at a different site. In this study, an increase in PA-
DRE-specific CD4 T cells, which appeared unable to pro-
duce 112, was observed after vaccination, and regulatory T
cells were increased, suggesting that helper epitope peptides
have the potential to induce not only helper T cells but also
regulatory T cells. Krug et al. tested the safety and immuno-
genicity of a WT1 vaccine comprised of four class I and
class l-restricted peptides in patients with malignant pleural
mesothelioma or NSCLC expressing WT1 [85]. They
showed that this multivalent WT1 peptide vaccine induced
both CD4 and CD8 T-cell responses in a high proportion of
patients with minimal toxicity.

3.2. Multi-Peptide Cocktail Vaccine

If each of multiple peptides are formulated separately and
injected at a separate site, the number of peptides employed
for vaccination might be limited. One strategy for overcom-
ing this limitation is to generate multi-peptide cocktail vac-
cines, since one preparation could contain more than 10 dif-
ferent peptides. Although the issue of competition between
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individual peptides to bind to HLA molecules on the APCs
still remains [46], different types of multi-peptide cocktail
vaccines have been developed; vaccines consisting of CTL
epitope peptides alone [90, 91] or those of both CTL epitope
and helper epitope peptides [86-89].

Barve et al. conducted a phase I/II study of a multi-
peptide cocktail vaccine, IDM-2101, consisting of nine CTL
epitope peptides and the PADRE helper epitope peptide with
Montanide ISAS1 in patients with metastatic non-small cell
lung cancer [86]. No significant adverse events were noted
except for low-grade erythema and pain at the injection site.
One-year survival in the treated patients was 60%, with a
median overall survival of 17.3 months. One complete re-
sponse (CR) patient was observed in the total of 63 patients.
Slingluff ez al. conducted a multicenter randomized trial to
examine the immunogenicity of a multi-peptide cocktail vac-
cine containing 12 melanoma-associated HLA class I-
restricted peptides (12MP) for CD8" T cells and tetanus
peptide or a mixture of six melanoma-associated helper
peptides (6MHP) for CD4™ T cells in the presence or absence
of cyclophosphamide pretreatment in 167 patients with
resected stage IIB to IV melanoma [87]. However, the
combination of 6MHP with 12MP paradoxically reduced the
circulating CD8" T-cell response, and cyclophosphamide
pretreatment had no measurable effect on CD8" or CD4*
responses. Clinical outcome was not improved by adding
melanoma-associated helper peptides or by adding
cyclophosphamide.

Rammensee and his colleagues also reported a phase /11
trial of a multi-peptide cocktail vaccine, which consisted of
13 synthetic peptides (11 HLA-A*0201-restricted CTL epi-
topes and 2 helper epitopes derived from prostate tumor an-
tigens) for 19 HLA-A2" hormone-sensitive prostate cancer
patients with biochemical recurrence after primary surgical
treatment [88]. The vaccine was well tolerated, and stabi-
lized or slowed down PSA progress in 4 of the 19 patients.
The same group also developed another cocktail vaccine,
IMA901, which consisted of nine HLA-A*0201-restricted
CTL epitopes and one helper epitope from renal cell cancer
antigens with hepatitis B virus epitope as a marker peptide,
for advanced renal cell cancer [89]. In a randomized phase I1
trial with a single dose of cyclophosphamide, the number of
regulatory T cells was reduced, and immune responses to the
vaccine peptides were associated with longer overall sur-
vival. A randomized phase III study to determine the clinical
benefit of IMA901 is ongoing.

3.3. Hybrid Peptide Vaccine

Peptides used in most clinical trials for peptide-based
vaccines possess native amino acid sequences with or with-
out slight modification in anchor amino acids to increase
their binding capability to HLA molecules. However, hybrid-
type peptide vaccines, which use a new artificial peptide
fusing two or more peptides, have been devised. For exam-
ple, the li-Key/HER-2/neu hybrid peptide vaccine, a fusion
peptide made up of the [i-Key 4-mer peptide and HER-2/neu
(776-790) helper epitope peptide, has been reported [92, 93].
The Ii/Key 4-mer peptide is the shortest active sequence of
the Ii protein, which catalyzes direct charging of MHC class
II epitopes to the peptide-binding groove, circumventing the
need for intracellular epitope processing [94]. Phase I studies

Current Medicinal Chemistry, 2014, Vol 21, No. 1 9

of the Ii-Key/HER-2/neu hybrid peptide vaccine in patients
with prostate cancer showed that this vaccine is safe and can
induce HER-2/neu-specific cellular immune ‘responses in
vaccinated patients [93]. In addition, significant decreases in
circulating regulatory T-cell frequencies, plasma HER2/neu,
and serum TGF-beta levels were observed.

Nishimura ef «l reported an artificially synthesized
helper/killer-hybrid epitope long peptide (H/K-HELP) of
MAGE-A4 cancer antigen [95]. In the first case report, a
patient with pulmonary metastasis of colon cancer was vac-
cinated with MAGE-A4-H/K-HELP in combination with
OK432 and Montanide ISA51. There were no severe side
effects except for a skin reaction at the injection site. Vacci-
nation with MAGE-A4-H/K-HELP induced MAGE-A4-
specific Thl and Tel immune responses and the production
of MAGE-A4-specific complement-fixing IgG antibodies.
Tumor growth and tumor markers were significantly de-
creased in this patient.

3.4. Long Peptide Vaccine

The classical types of peptide vaccines have consisted of
short epitope peptides with minimal optimal lengths, which
are recognized by CTLs or helper T cells in an HLA class I-
or class II-restricted manner, respectively. However, direct
binding of short peptides to nonspecific cells without a co-
stimulatory capacity has been reported to bear the potential
to induce tolerance to antigen-specific T cells rather than to
induce their activation in some mouse models [39-41].
Therefore, a novel approach using synthetic long peptides,
which need to be taken up by professional APCs and proc-
essed for presentation by HLA class I and/or class II mole-
cules, has been developed for cancer vaccination, although
the efficiency and mechanisms of presentation of exogenous
long peptides in human HLA class I remain to be fully eluci-
dated [96]. Synthetic long peptides may contain not only
HLA class I-restricted but also HLA class II-restricted epi-
topes, which can activate helper T cells important for the
efficient induction of antigen-specific CTL responses.

Several clinical studies using a pool of multiple synthetic
long peptides have been reported, since a mixture of multiple
synthetic long peptides is likely to contain multiple HLA
class I-restricted and class I-restricted T-cell epitopes,
which could be applicable to any patients irrespective of
their HLA types [42-45, 97-100]. Melief and his colleagues
showed that a vaccine composed of a synthetic long peptide
pool derived from high-risk-type human papillomavirus
(HPV)-16 E6/E7 oncoproteins successfully induced HPV-
specific immune responses [42, 43]. They conducted a phase
I study of HPV16 E6 and E7 overlapping long peptides in
end-stage cervical cancer patients {42]. Cocktails of nine E6
peptides and/or four E7 peptides covering the entire se-
quences of E6 and E7 proteins showed a strong and broad T-
cell response dominated by immunity against E6 after four
subcutaneous administrations with Montanide ISA51 at 3-
week intervals. Subsequently, they conducted a phase II
study of the same vaccine in patients with HPV-positive
grade 3 vulvar intraepithelial neoplasia, which is a chronic
disorder caused by HPV [43]. At 3 months after the last vac-
cination, 12 of 20 patients (60%) had clinical responses and
reported relief of symptoms. Five women had complete re-
gression of the lesions. At 12 months of follow-up, 15 of 19

— 142 —



10 Current Medicinal Chemistry, 2014, Vol. 21, No. 1

patients (79%) had clinical responses, with a complete re-
sponse in 9 of 19 patients (47%).

The same group also reported a synthetic long peptide
vaccine targeted for p53. This p53 synthetic long peptide
vaccine (p53-SLP) consisted of 10 synthetic 25-mer to 30-
mer long overlapping peptides, spanning amino acids 70—
248 of the wild-type p53 protein. In a phase I/I trial of the
p53-SLP vaccine in 10 patients with metastatic colorectal
cancer, p53-specific T-cell responses were induced in 9 of 10
patients as measured by IFN-y enzyme-linked immunospot
(ELISPOT), proliferation, and cytokine bead arrays [97].
Subsequently, a phase II study of the same vaccine in 20
ovarian cancer patients with recurrent elevation of CA-125
showed that SD, as determined by CA-125 levels and CT
scans, was observed in 2 out of 20 patients (10%) as the best
clinical response, but no relationship was found between the
clinical response and vaccine-induced immunity [44]. IFN-
y—producing p53-specific responses were induced in CD4 T
cells, but not in CD8 T cells, in all patients who received
four immunizations. The absence of p53-specific CD8 T-cell
responses might be attributable to the dominant production
of Th2 cytokines by CD4 T cells, which have inhibitory ef-
fects on CTL induction. Nevertheless, the combined use of
p53-SLP vaccine and a low dose of cyclophosphamide or
IFN-a has recently been reported to efficiently induce more
IFN-y—producing p53-specific T cells, suggesting that these
combinations may potentiate the immunogenicity of the p53-
SLP vaccine [98, 99].

Kakimi et al. also conducted a phase [ trial of an NY-
ESO-1 synthetic long peptide vaccine. A 20-mer peptide
spanning from amino acid 91 to 110 of NY-ESO-1, called
NY-ESO-1f, which includes multiple epitopes recognized by
antibodies and CD4 and CD8 T cells, was administered
along with OK-432 and Montanide ISA51 to patients with
advanced cancers [100]. Both antigen-specific CD4 and CD8
T-cell responses, as well as antibody responses, were in-
creased in 9 of 10 patients.

3.5. Novel Approach for Targeting Peptides to Profes-
- sional APCs

The goal of cancer immunotherapy is to induce and am-
plify functional antigen-specific immune responses in order
to develop long-lasting immunological memory specific to
tumor cells [101, 102]. However, one hurdle to the use of
peptide-based vaccines is that the uptake and/or presentation
of vaccine peptides by nonspecific cells, but not by profes-
sional APCs, leads to CTL anergy through insufficient
stimulation [103]. For efficient priming and activation of
antigen-specific CTL through vaccination, sufficient
amounts of antigens should be presented to T cells by func-
tionally activated, professional APCs for sufficient periods
of time [104-107]. In this respect, a novel delivery system
for peptide vaccines remains to be developed.

For example, nanotechnology-based antigen delivery has
been developing as a vaccine strategy due to its dose-sparing
and prolonged antigen presentation features [108, 109]. In
particular, polymeric nanoparticles (NP) have attracted in-
creasing attention as carriers of therapeutic immunogens
[110]. Antigen peptides encapsulated in polymeric NP are
shown to be directly and specifically delivered to profes-
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sional APCs via phagocytosis without proteolytic degrada-
tion, and efficiently cross-presented to induce strong T-cell
immunity, whereas those in solution that are internalized by
APCs via macropinocytosis are reported to be poorly pre-
sented as peptides in complex with MHC class I molecules
on cell surfaces [111, 112]. Indeed, we have demonstrated
the feasibility of NP consisting of a biodegradable, biocom-
patible copolymer, poly(D,L-lactide-co-glycolide) (PLGA)
carrying antigenic peptides and a toll-like receptor 4 agonist,
monophosphoryl lipid A, to efficiently induce CTL re-

sponses against TAA in murine tumor models [113]. To in- .
crease the efficacy of peptide-based vaccines, such a novel

antigen delivery system remains to be developed and clini-
cally examined.

CONCLUSIONS

In the field of cancer immunology and immunotherapy,
excitement and enthusiasm have risen around the latest ap-
provals of immunotherapy-based treatments in various can-
cer types. However, several issues remain to be addressed in
order to achieve further development of cancer vaccines. In
particular, in view of the complexity and diversity of tumor
cell characteristics and host immune cell repertoires, the se-
lection of vaccine peptides appropriate for individual patients
based on the pre-existing host immunity before vaccination
could be critical for the efficient induction of beneficial anti-
tumor responses in cancer patients. In a series of clinical
trials, we have demonstrated promising results of PPV as a
new treatment modality for patients with various types of
advanced cancer. Further randomized phase III clinical trials
are essential to validate the clinical benefits of PPV. Moreo-
ver, novel biomarkers for selecting patients who would bene-
fit most from PPV remain to be addressed.
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Abstract. Pancreatic cancer is one of the most aggressive
cancers with a median survival time (MST) of <6 months in
chemotherapy-resistant patients. Therefore, the development
of novel treatment modalities is needed. In the present study, a
phase II study of personalized peptide vaccination (PPV) was
conducted, in which vaccine antigens were selected and admin-
istered based on the pre-existing IgG responses to 31 different
pooled peptides, for 41 chemotherapy-resistant advanced
pancreatic cancer patients. No vaccine-related severe adverse
events were observed. IgG responses specific to at least one
of the vaccine peptides were augmented in 14 of 36 patients
(39%) and in 18 of 19 patients (95%) tested after the 5th and
11th vaccination, respectively. MST from the first vaccination
was 7.9 months with a 1-year survival rate of 26.8%. Higher
serum amyloid A (SAA) and C-reactive protein (CRP) levels
in pre-vaccination plasma were unfavorable factors for overall
survival (OS). Due to the safety profile and the potential
clinical efficacy, the conduction of additional clinical trials of
PPV for chemotherapy-resistant advanced pancreatic cancer
patients is warranted.

Introduction

Pancreatic cancer, the fourth leading cause of cancer-related
mortality worldwide, constitutes one of the most aggressive
types of cancer (1). There have been substantial advances in
the therapeutic modalities for advanced pancreatic cancer,
including carbon beam ion radiotherapy (2), systemic chemo-
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logy and Immunotherapy, Kurume University School of Medicine,
67 Asahi-machi, Kurume, Fukuoka 830-0011, Japan
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Key words: personalized peptide vaccine, chemotherapy-resistant
pancreatic cancer, overall survival, IgG response

therapies using gemcitabine (GEM), tegaful-gimeracil-oteracil
potassium (S-1) (3) and oxaliplatin, irinotecan, fluorouracil,
leucovorin (Folfirinox) (4), as well as an EGFR-inhibitor erlo-
tinib (5). However, despite these advances, the median survival
time (MST) of advanced pancreatic cancer patients from the
first or second line of chemotherapy still remains approxi-
mately 7-11 (1-5) or 4-6 months (2.6), respectively. Therefore,
the development of novel therapeutic approaches including
cancer vaccines is needed.

We previously devised a new regimen of peptide-based
vaccination, named personalized peptide vaccination (PPV),in
which vaccine antigens were selected from 31 different pooled
peptides, and administered based on both HLA-class IA
types and levels of peptide-specific IgG responses before
vaccination (7-10). In our previous clinical trials, immune
responses triggered by PPV were well-associated with overall
survival (OS) in advanced pancreatic cancer patients under
PPV in combination with GEM as the first-line therapy (7.,8).
GEM did not inhibit immune responses induced by PPV.
Furthermore, the MST of advanced pancreatic cancer patients
with positive (n=10) or negative (n=8) immune responses
was 15.5 and 6 months, respectively, when non-resectable
pancreatic cancer patients were treated with PPV and GEM
as the first-line therapy. However, there is no trial of PPV for
chemotherapy-resistant advanced pancreatic cancer currently
available. Consequently, in the present study, a phase II study
of PPV in chemotherapy-resistant advanced pancreatic cancer
patients was performed.

Materials and methods

Fatients. Patients pathologically and/or clinically diagnosed
with pancreatic cancer were eligible for inclusion in the
present study, when they had failed at least first-line chemo-
therapy and showed positive IgG responses to at least 2 of
the 31 different vaccine candidate peptides as previously
reported (10). Additional inclusion criteria were the following:
age between 20 and 80 years, Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1, positive status
for the HLA-A2, -A24, -A3 supertype (A3, All, A31 or A33)
or -A26, life expectancy of at least 12 weeks, and adequate
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hematologic, hepatic and renal function. Exclusion criteria
~ included pulmonary, cardiac or other systemic diseases, acute

infection, a history of severe allergic reactions, pregnancy or
nursing, and other inappropriate conditions for enroliment
as judged by clinicians. The protocol was approved by the
Kurume University Ethics Committee, and was registered in
the UMIN Clinical Trials Registry (UMIN #08167). After a
full explanation of the protocol, a written informed consent
was obtained from all the patients prior to enrollment.

Clinical protocol. This was an open-label phase II study,
in which the main objectives were to evaluate safety and to
address whether PPV in combination with additional chemo-
therapeutic regimens for chemotherapy-resistant pancreatic
cancer patients prolongs MST. Thirty-one peptides, the
safety and immunological effects of which were reported in
previous clinical studies (8-11), were employed for vaccination
[12 peptides for HLA-A2, 14 for HLA-A24, 9 for HLA-A3
supertype (A3, All, A31 or A33) and 4 for HLA-A26].
The peptides were prepared under the conditions of Good
Manufacturing Practice (GMP) by PolyPeptide Laboratories
(San Diego, CA, USA) and the American Peptide Company
(Vista, CA, USA).

The peptides for vaccination to individual patients were
selected in consideration of the pre-existing host immunity
before vaccination, by assessing the titers of IgG specific to
each of the 31 different vaccine candidates (10). A maximum
of 4 peptides (3 mg/each peptide), which were selected based
on the results of HLA typing and peptide-specific IgG titers,
in complex with incomplete Freund's adjuvant (Montanide
ISA 51; Seppic, Paris, France) were subcutaneously adminis-
tered once a week for 6 consecutive weeks.

Afterthefirstcycleof 6 vaccinations, upto4 vaccine peptides
were re-selected according to the titers of peptide-specific
IgG and administered every 2 weeks. Vaccine peptides were
re-selected at every cycle of 6 vaccinations until the discon-
tinuation of PPV. Adverse events were monitored according to
the National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI-CTCAE) version 3.0. Complete
blood counts and serum biochemical tests were performed
at every cycle of 6 vaccinations. The clinical responses were
evaluated by the Response Evaluation Criteria in Solid Tumors
(RECIST) with radiological findings of computed tomography
(CT) scanning or magnetic resonance imaging (MRI) before
and after vaccinations.

Measurement of laboratory markers. Levels of C-reactive
protein (CRP), serum amyloid A (SAA) and IL-6 in plasma
were examined by ELISA using kits from R&D Systems
(Minneapolis, MN, USA), Invitrogen (Carlsbad, CA, USA)
and eBioscience (San Diego, CA, USA), respectively.
Bead-based multiplex assays were used to measure cytokines,
including IL-4, I1-13,IL-21, IP-10, BAFF and TGF-[3 with the
Luminex 200 system (Luminex, Austin, TX, USA).

Measurement of immunoglobulins (1gs) reactive to each of the
31 different peptides. The levels of Igs reactive to each of the
31 different peptides were measured using the Luminex 200
system as previously reported (9-11). In brief, plasma was
incubated with 100 pl of peptide-coupled color-coded
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beads for 1.5 h at 30°C, followed by washing and incubation
with 100 gl of biotinylated goat anti-human IgG (Vector
Laboratories, Burligame, CA, USA). After washing, 100 p
of streptavidin-PE (Invitrogen) was added and incubated fo;
30 min at 30°C. After washing, the fluorescence on the beads
was detected using the Luminex 200 system. The Igs levels
were expressed in fluorescence intensity units (FIU) as previ-
ously reported (9-11). Peptide-specificity of IgG against each
of the 31 peptides was confirmed (unpublished data).

Statistical methods. The Wilcoxon signed-rank test and paired
t-test were used to compare differences between pre- and
post-vaccination measurements. OS was calculated from the
first day of peptide vaccination until the day of death or the last
day when the patient was known to be alive. Prognostic factors
for OS were evaluated by univariate and multivariate analyses
with the Cox proportional hazards regression model. Curves
for OS were estimated using the Kaplan-Meier method, and
the log-rank test was conducted for the comparison of survival
curves. Two-sided P-values of <0.05 were considered to indi-
cate statistically significant differences. All statistical analyses
were conducted using the JMP version 10.0.1 software (SAS
Institute Inc., Cary, NC, USA).

Results

Patient characteristics. Between November 2008 and
March 2011, 41 advanced pancreatic cancer patients who
had failed at least first-line chemotherapy were included in
the present study. Patient characteristics are listed in Table I.
There were 27 male and 14 female subjects with a median age
of 61 years (range, 44-78). All patients had advanced stages of
cancer (stage IVa, n=7; IVb, n=24; recurrent, n=10). Prior to
enrollment, the patients had failed 1 (n=11), 2 (n=24), 3 (n=5)
or 4 (n=1) regimen(s) of chemotherapy. The median duration
of chemotherapy prior to PPV was 8 months with a range from
1 to 36 months. The performance status at the time of enroll-
ment was grade 0 (n=37) or 1 (n=4). The numbers of vaccine
peptides employed at the first cycle of vaccinations were
4 peptides in 33 patients, 3 in 5 patients and 2 in 3 patients.
The median number of vaccinations was 10 with a range of
3 to 36. PPV was combined with GEM (n=11), S-1 (n=6), GEM
and S-1 (n=8) or other combinations of chemotherapeutic
agents including CDDP-based regimens (n=8). PPV alone was
administered to 8 patients, since chemotherapy could not be
tolerated (n=4) or due to patient refusal (n=4).

Toxicities. A grade 1 or 2 dermatological reaction at the
injection site was observed in 39 cases. Anemia (n=15),
lymphocytopenia (n=20), thrombocytopenia (n=11), leukocy-
topenia (n=7), hypoalbuminemia (n=15) and hyperglycemia
(n=8) were also frequently observed. Grade 3 adverse events
included anemia (n=1), lymphocytopenia (n=1), hypertension
(n=1), GGT increase (n=1) and creatinine increase (n=1).
According to assessment by the Independent Safety Evaluation
Committee in this trial, all the grade 3 adverse events were
concluded to be not directly associated with PPV.

Humoral responses to peptides. IgG responses specific to the
vaccine peptides in pre- and post-vaccination plasma samples
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Table I. Patient characteristics.
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Table II. IgG responses to the vaccinated peptides.

Characteristic Value IgG response
Age (years), median (range) 61 (44-78) Patient no. Peptide Pre Sth 11th
Gender, n 1 ppMA PkKk-432 43 40 na
Male 27 WHSC2-103 68 69 na
Female 14 HNRPL-501 191 638 na
Disease location, n HNRPL-140 209 189 na
Head 14 2 SART3-109 226 1,896 na
Body 15 Lek-422 4“4 66 na
Limbs 6 CypB-129 23 45 na
Body and limbs 6 WHSC2-103 322 401 na
Performance status, n 3 PSA-248 28 4999 28,025
0 37 MRP3-1293 75 70 3259
1 4 SART2-161 37 38 7860
Stage,n Lck-486 38 31 23,697
IVa 7 4 MRP3-503 57 56 na
Vb 24 MRP3-1293 79 69 na
Recurrent 10 SART2-161 51 53 na
No. of previous regimens, n Lck-486 53 ND na
1 11 5 CypB-129 161 120 12717
2 24 PPMAPkkk-432 368  ND ND
3 5 UBE2V-43 396 399 60,508
4 1 SART3-302 272 235 11267
Duration of previous treatment (months), HNRPL-501 150 343 ND
median (range) 8036 ¢ HNRPL-140 13 ND na
No. of vaccinations, median (range) 10 (3-36) SART3-302 40 ND na
Combined treatment, n 7 SART3-109 42 52 na
Q) 8 SART3-511 27 ND na
GEM 11 Lck-90 13 ND na
S-1 6 Lck-449 45 ND na
GEM and 5-1 8 8 SART2-93 218 na
Other regimens 8 PAP-213 1249 1573 na
Treatment response, n EGFE-R-800 40 ND na
SD 28 MRP3-503 98 38 na
PD 13 SART3-109 23 11 na
Overall survival time (days), 9 Lck-246 376 623 3,264
median (95% CI) 238 (151-313) UBE2V-43 188 ND 16,549
UBE2V-85 204 314 2,053
itabine; S-1, tegaful-gimeracil-oteracil potassium; SD, ’
ggal}i’d%:g:;; P];,e];riglr:assi%zfdisgazle;rCI,conﬁd;cl; interval. P SART3-302 207 330 1,929
HNRPL-140 ND 494 2,780
10 HNRPL-501 578 ND ND
UBE2V-85 70 ND 14
were analyzed. Post-vaccination plasma samples were avail- SART3-302 36 ND ND
able from 36 and 17 patients after the 5th and 11th vaccination, SART3-309 18 ND ND
respectively. When peptide-specific IgG titers to at least one ¢ SART3-109 21 ND 653
of the vaccine peptides in the post-vaccination plasma were MRP3-503 69 ND 14787
>2-fold higher compared to those in the pre-vaccination PTHIP-102 “ ND ’ND
plasma, antigen-specific humoral responses were considered
to be increased. The IgG responses specific to at least one 12 SART2-93 164 ND na
of the vaccine peptides were augmented in 14 of 36 patients Lck-208 206 13 na
(39%) and in 18 of 19 patients (95%) after the Sth and 11th Lck-486 245 298 na
vaccination, respectively (Table II). EZH2-735388 503 na
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Table II. Continued. Table II. Continued.
IgG response IgG response
Patient no. Peptide Pre 5th 11th Patient no. Peptide Pre 5th 11th
12 Lck-422 783 532 na 23 PAP-213 13 123 4,179
HNRPL-140 456 380 na Lck-486 25 580 2,552
13 SART3-109 1475 1279 na Lck-449 37 37 43
Lck-486 1644 1833 na WHSC2-103 40 14 165
14 SART3-109 2309 2,136 6,782 %ﬁfu Eg ‘1333 1;;5
MRP3-1293 43 40 23,180 B
SART2-161 32 27 ND 24 PAP-213 122 122 na
1.ck-486 1515 1234 267,768 Lck-449 129 102 na
15 SART3-109 1500 5872 180917 %ﬁ?&zﬁ o lig 11\?3 na
SART2-161 31 2 3278 ) na
Lck-486 650 224 58780 25 PAP-213 16 2,772 na
Lck-488 54 37 21,889 PSA-248 64 1372 na
SART3-511 99 57 ND Lck-486 17 105 na
16 SART3-511 1,699 1,503 1522 26 CypB-129 90 81 105
PAP-248 70 69 ND Lck-246 20 12 39
Lck-422 180 ND 16 SART3-309 12 374 4,738
WHSC2-103 188  ND 2,629 PAP-248 21 ND ND
Lck-90 35 45 63 27 SART?2-93 11 ND 55
CypB-129 16 23 20 SART3-109 156 222 1871
17 ppMAPkkk-432 83 88 ND Lck-436 185 313 12511
SART3-109 62 49 ND Lck-488 15 12 3,980
Lck-486 2,176 2,191 3,523,034 PAP-213 ND 14 ND
PTHP-102 129 162 135 28 PAP-213 31 44 657
SART2-93 47 100 59 PSA-248 45 446 15954
18 MRP3-1293 103 ND na EGF-R-800 30 33 292
Lck-486 5731 10510 na Lck-486 22 23 11356
PSMA-624 99  ND na 29 SART?2-93 11 11 na
PPMAPKkkk-432 126 115 na Lck-486 25 ND na
SART3-109 55 50 na Lck-488 14 16 na
Lck-488 38 35 na  3p CypB-129 246 232 na
19 CypB-129 57 53 na WHSC2-141 317 21 na
ppMAPkkk-432 106 90 na SART3-302 86 865 na
HNRPL-501 974 934 na Lck-208 11 2,016 na
SART3-302 473 2,233 na 31 SART?2-93 40 37 478
Lck-246 17 61 na Lck-4386 23 32 2,567
20 1ck-246 409 441 2,349 Lck-488 31 47 20,641
EGF-R-800 83 134 183 PTHIP-102 40 46 523
Lck-486 95 72 31353 32 WHSC2-141 433 398 20,518
EZH2-735 117 ND 10,454 PSA-248 29 2,109 13,221
CypB-129 183 192 190 MRP3-1293 149 4,155 11,903
ppMAPKkk-432 120 185 233 121
21 PAP-213 48 98 na Lck-486 121 18577
Lck-486 20 22 na 33 SART2-93 22 51 60
22 CypB-129 109 112 393 SART3-109 14 ND 16
Lck-246 22 13 56 Lck-486 39 ND 2479
WHSC2-141 22 ND 15 SART2-161 ND 76 59
SART3-302 631 1459 5,168 134 CypB-129 263 239 na
Lck-422 14 12 78 WHSC2-103 43 ND na
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Table II. Continued.

IgG response
Patient no. Peptide Pre 5th 11th
34 WHSC2-141 231 125 na
SART3-734 32 ND na
35 MRP3-1293 62 ND na
Lck-486 85 ND na
SART3-734 123 ND na
CypB-129 149 93 na
36 SART2-93 13 11 12
SART3-109 11,200 10,657 10,093
Lck-488 16 13 2,017
EGF-R-800 ND 11 ND

Underlined peptides indicate the selection of new peptides for the
second cycle of PPV. Bold values represent increased IgG responses.
na, not applicable; ND, no data.
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Figure 1. Kaplan-Meier survival analysis of the enrolled patients. The median
survival time (MST) of patients who were vaccinated (n=41) was 238 days
(7.9 months) and the 1-year survival rate was 26.8%.

Laboratory markers. Two inflammation markers, CRP and
SAA,and 7 cytokines including IL-4,1L-6,1L-13,11.-21,IP-10,
BAFF and TGF-f, were examined in plasma before and after
the 5th vaccination. Since 5 of 41 patients did not complete
the first cycle of 6 vaccinations due to rapid disease progres-
sion, they were excluded from the marker analysis. However,
no significant differences before and after vaccinations were
observed in the markers tested (data not shown).

Clinical outcome. No complete response (CR) or partial
response (PR) was observed during PPV. Optimum clinical
responses after the 6th vaccination or at discontinuation of
PPV were observed in 28 cases of stable disease (SD) and
13 cases of progressive disease (PD) (Table I). MST from
the first vaccination was 7.9 months (238 days) with a 1-year
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Figure 2. Evaluation of pre-vaccination factors by Kaplan-Meier survival
analysis. Patients were divided into two subgroups according to the median
value of the (A) SAA and (B) CRP levels before vaccination. Curves for
overall survival were estimated by the Kaplan-Meier method, and differences
in survival rates were evaluated using the log-rank test. SAA, serum-amy-
loid A; CRP, C-reactive protein.

survival rate of 26.8% (Table I). All the 41 patients, except for
1 patient, had succumbed to the disease at the time of exami-
nation. Survival curve is shown in Fig. 1. MST in patients
treated with PPV in combination with (n=33) or without (n=8)
chemotherapies was 9.6 or 3.1 months, respectively (P=0.0013)
(data not shown). When calculated from the initiation of the
first-line chemotherapy, MST of all 41 cases was 19.0 months
[95% confidence interval (CI), 15.0-25.0 months].

Prognostic factors for OS. Pre-vaccination prognostic
biomarkers for OS were investigated in 36 patients who
completed at least the first cycle of 6 vaccinations. SAA levels
in pre-vaccination samples were found to be inversely associ-
ated with OS using the univariate Cox proportional hazards
model [hazard ratio (HR) per 1 mg/dl increment = 1.10,
95% CI=1.03-1.15,P=0.004] (Table I1I). CRP levels also showed
a significant association (HR per 1 mg/dl increment = 1.68,
95% CI=1.03-2.58, P=0.039). Similar results were obtained
using the multivariate Cox proportional hazards model. The
patients were allocated into two subgroups according to the
median value of SAA or CRP. The survival curves were esti-
mated by the Kaplan-Meier method and differences in survival
rates were compared using the log-rank test. The patients with
higher SAA (P=0.0043) or CRP levels (P=0.0019) in the
pre-vaccination samples exhibited worse prognosis (Fig. 2).
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Table III. Univariate and multivariate analyses with pre-vaccination clinical findings and laboratory data.
Univariate analysis Multivariate analysis
Factor Hazard ratio (95% Cl) P-value? Hazad ratio (95% CI) P-value*
Age (years) 1.58 (0.40-6.44) 0.52
Gender (female<male) 0.98 (0.52-1.95) 0.96
Clinical stage (IVa<recurrent<IVb) 1.18 (0.78-1.80) 043
Duration of previous chemotherapy (months) 0.98 (0.94-1.02) 0.27
Regimen no. of previous chemotherapy 0.93 (0.59-1.44) 0.75
Lymphocyte count (x10%mm?>) 1.00 (1.00-1.00) 0.39
Hemoglobin (g/dl) 0.93 (0.75-1.16) 0.53
Albumin (g/dl) 0.58 (0.32-1.10) 0.09
Creatinine (mg/dl) 1.88 (0.51-523) 0.31
SAA (mg/dl) 1.09 (1.03-1.15) 0.004° 1.08 (0.99-1.18) 0.09
CRP (mg/dl) 1.68 (1.03-2.58) 0.039° 0.95 (0.41-2.06) 091

aP-values determined by Cox proportional hazard regression model; ®significant difference. Cl, confidence interval; SAA, serum amyloid A;

CRP, C-reactive protein.

In addition, concerning post-vaccination samples, the patients
with boosted IgG responses (n=19) [in response to the vacci-
nated (n=14) or unvaccinated peptides selected for the 2nd
cycle of PPV (n=5)] exhibited better prognosis compared
to those with no IgG boosting (n=17) (P=0.0485) (data not
shown).

Discussion

The MST of 41 chemofherapy—resistant advanced pancreatic.

cancer patients under PPV was 7.9 months with a 1-year
survival rate of 26.8%. Among them, the MST in patients
treated with PPV combined with (n=33) or without (n=8)
chemotherapies was 9.6 or 3.1 months, respectively (P=0.0013).
OS of the patients treated with PPV not combined with chemo-
therapies was significantly short, suggesting that PPV alone
did not provide survival benefits to advanced pancreatic cancer
patients. This failure was expected based on the results from
our previous study (13). These results suggest that PPV has the
potential to improve OS in chemotherapy-resistant advanced
pancreatic cancer patients when administered in combination
with chemotherapeutic agents.

With regard to post-vaccination biomarkers, several factors,
including CTL responses, Thl responses, delayed-type hyper-
sensitivity (DTH) and autoimmunity, have been reported to be
associated with clinical responses in some clinical trials (14,15).
We have also shown that an increase in peptide-specific 1gG
and/or CTL responses after PPV is significantly associated
with longer OS (11,12). In contrast to such post-vaccination
biomarkers, there are currently no validated pre-vaccination
prognostic biomarkers widely used. Therefore, this issue was
addressed in the present study. As a result, plasma SAA and
CRP levels were inversely correlated with OS. These results
were expected based on our previous study on PPV (10). These
biomarkers are suggested to be important not only in cancer
vaccines, but also in other treatment modalities for advanced
pancreatic cancers.

Collectively, due to the safety profile and the potential
clinical efficacy of PPV, further clinical trials to determine a
protocol suitable for PPV-based therapy in chemotherapy-resis-
tant advanced pancreatic cancer patients are warranted.
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Introduction

Renal cell carcnoma (RCC) is one of the most common
malignancies of the genitourinary tract, accounting for 116,500
deaths in 2008 according to the World Health Organization [1].
The incidence of RCC has been steadily rising over the past 30
years [2]. Furthermore, because metastatic RCC is notoriously
resistant to most conventional therapies, such as chemotherapy
and radiotherapy, the prognosis of patients with RCC is poor as
one-third of patients already have metastatic disease at the initial
diagnosis and 30-40% of them develop distant metastases after
resection-of the primary tumor [3]. In recent years, the molecular
targeted therapies that have been developed have shown
significant objective responses [4-6], and they are now recognized
as the current standard therapies of metastatic RCC. However,
the efficacy of these molecular target therapies is insufficient.

The two dominant models of carcinogenesis are the stochastic
model (clonal evolution) and the hierarchic organization of tumor
(cancer stem cell (CSC)) model. According to the traditional clonal
evolution model, tumor formation is the consequence of accumu-
lating random genetic events in normal differentiated cells,
whereas the CSC model postulates that a single CSC gives rise

PLOS ONE | www.plosone.org

to a hierarchical organization within a tumor [7,8]. Recent studies
suggest that CGSCs may be responsible for tumorigenesis and
contribute to some individuals’ resistance to cancer therapy, which
resulted in cancer relapse and metastasis [9,10]. Therefore, it is
widely believed that identification and characterization of GSC or
cancer stem cell-like cell (CSC-LC) may contribute significantly to
the development of effective therapies. Bussolati et al. identified a
population of CD105 positive tumor initiating cells in RCCs, and
reviewed the literature on the role of stem cells in human RCC
[11,12]. Kim et al. reported that the expression of stem cell
markers, OCT4 and CD133, may serve, respectively, as a poor
and favorable prognostic marker, in papillary RCC [13]. In
addition, they suggested that the expression of CDI133 is a
favorable prognostic marker in clear cell RCC [14].

There are many reports that GSC-LCs of some solid tumors are
present in side population (SP) cells [15,16], but there are only a
few reports on the role of SP cells in human RCC [17,18]. SP cells
were originally identified in flow cytometric analyses by their
ability to efflux the vital DNA dye, Hoechst 33342, resulting in
Hoechst-negative SP cells and Hoechst-positive Non-SP (NSP)
cells. Previous studies of cancers in vitro and primary tumors
in vivo have shown that SP cells are uniquely capable of
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generating both SP and NSP cell populations, exhibiting
properties consistent with stem cells or GSC. SP cells express
high levels of ATP-binding cassette (ABC) transporter family
members, especially ABCG2, and exhibit more chemotherapeutic
drug resistance than NSP cells in cell lines derived from some
human malignant solid tumors, such as breast cancer, lung cancer,
ovarian cancer and squamous cell cancer [19-21].

_Recently, it has been reported that aldehyde dehydrogenase 1
(ALDH]1) is responsible for the oxidation of retinol to retinoic acid
and plays pivotal roles in embryonic development and homeostasis
in several organs [22]. Some researchers have reported that high
expression of ALDHI was associated with drug resistance and
poor prognosis, and that ALDH1 is a CSC marker [23,24]. Ozbek
et al. reported that ALDHI expression was correlated with tumor
grade in RCC [25], but the biological features of ALDH1-positive
cells in RCC are still largely unknown.

In this study, we isolated SP cells from two human RCC cell
lines and systematically investigated the GSC properties of the SP
cells and ALDH]-positive cells, and relationship between SP cells
and ALDHI1-positive cells.

Materials and Methods

Cell Lines and Animals

We used two RCC cell lines: one derived from malignant
pleural effusion of a patient with RCC (ACHN) and the other
derived from primary lesion of a patient with RCC (KRC/Y).
These 2 RCC cell lines have high proliferative and colony forming
abilities in vitro and possess high tumorigenicity in even nude mice
in vivo. ACHN was purchased from American Type Culture
Collection. KRC/Y was established in our laboratory [26].
Culture medium for ACHN consisted of modified Eagle’s medium
(EMEM) (Gibco, BRL/Life Technologies Inc., Gaithersburg, MD,
USA). Culture medium for KRG/Y consisted of Dulbecco’s
modified medium (DMEM) (Nissui Seiyaku Co., Tokyo, Japan)
supplemented with heat-inactivated (56°C, 30 min) 5% fetal
bovine serum (IBS, Bioserum, Vic, Australia), 100 U/mL
penicillin and 100 lg streptomycin (Gibco BRL/Life Technolo-
gies Inc.). Cells were cultured in an atmosphere of 5% COy in air
at 37°C. Female non-obese diabetic/severe combined immuno-
deficiency (NOD/SCID) mice (5 week-old) were purchased (Clea
Japan, Inc., Osaka, Japan), and housed in laminar-flow cabinets
under specific pathogen-free conditions. All procedures were
approved by the Ethics Review Committee for Animal Experi-
mentation of Kurume University School of Medicine.

Expression of CSC Markers in RCC Cell Lines

We analyzed the expression of the putative CGSC markers
ABCG2, CD90, CD105, CD133 and epithelial cell adhesion
molecule (EpCAM) in ACHN and KRC/Y. Cells were incubated
in the dark at 4°C for 30 minutes with fluorescence-conjugated
monoclonal antibodies, including fluorescein isothiocyanate
(FITC)-conjugated mouse anti-human CD90 antibody (5EL0,
BD Biosciences, San Jose, CA, USA) and mouse anti-human
CD105 antibody (MEM-226, EXBIO, Praha, Czech) and
phycoerythrin  (PE)-conjugated CD133/2 antibodies (293C3,
Miltenyi Biotec, Bergisch-Gladbach, Germany) and anti-EpCAM
antibody (EBA-1, BD Biosciences). Cells with mouse anti-BCRP
monoclonal antibody (ABCG2) (BXP-21, Chemicon, Temecula,
CA, USA) were incubated for 30 minutes and further incubated in
the dark at 4°C for 30 minutes with FITC-conjugated goat anti-
mouse Ig (FITC-GAM) (BD Biosciences). Cells were washed,
resuspended and analyzed on a FACScan (Becton Dickinson,
Franklin Lakes, NJ, USA).
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SP Cell Identification and CSC Marker Expression in SP
and NSP Cells

Cultured cells with 80% confluence were detached with
accutase (Innovative Cell Technologies, Inc., San Diego, USA)
and suspended at 1x10° cells/mL in phosphate-buffered saline
(PBS) supplemented with 2% FBS and then incubated with
Hoechest 33342 dye alone (5 pg/mL for ACHN and 10 pg/mL
for KRC/Y) (SIGMA-Aldrich, Saint Louis, MO, USA) or with
20 pg/mL reserpine (SIGMA-Aldrich) at 37°C for 60 min.
Samples were washed, centrifuged and resuspended in 2 mL
cold PBS supplemented with 2% TBS, then 1 pg/mL
propidium iodide (PI) (BD Biosciences) was added and the cells
were filtered through a 40 pm cell strainer (BD Biosciences).
Flow cytometric analysis was performed as previously described
[27]. Reserpine is conventionally used as a guiding parameter to
determine the boundary between SP and NSP cells. Analyses
were carried out with a FACSAria II (BD Biosciences). The
expression of CD90 and EpCAM in ACHN, and that of
CD105 and EpCAM in KRC/Y, in SP and NSP cells was
further examined. Cells were stained using the method
described above.

Cell Growth Assay of SP and NSP Cells

A total of 2,000 SP cells and NSP cells were plated in 96-well
plates and cultured in a COy incubator. The cells were harvested
at 24, 48, 72, 96, 120 or 144 hours and the proliferation was
examined in colorimetric assays using 3-(4,5-dimethylthiazol-2yl-
y1-)-2,5-diphenyl tetrazolium bromide (MTT) cell growth assay kits
(Chemicon, Temecula, CA, USA) as described elsewhere [28].

Colony Formation Assay of SP and NSP Cells

The soft agar anchorage independent clonogenic growth assay
was performed. Briefly, 2x10" cells were suspended in 2 mL of
EMEM or DMEM containing 0.36% soft agar (Gibco BRL/Life
Technologies Inc.) and 10% FBS in a 35 mm dish. The cell
suspension was then overlaid on a presolidified 0.72% hard agar.
The medium containing 0.36% soft agar was supplemented once a
week. Colonies (>10 cells) that arose within 3 weeks were
presented as clonogenicity. Five dishes were examined for each cell
type and blindly counted under the microscope (x200) in all fields.

Sphere Formation Assay of SP and NSP Cells

Isolated SP and NSP cells from the two cell lines (4,000 cells/
dish) were cultured in serum-free medium including 10 ng/mL
epidermal growth factor (EGF) (Sankojunyaku, Tokyo, Japan) and
20 ng/mL basic fibroblast growth factor (bFGF) (Sankojunyaku)
using ultra-low-attachment 6-well plates (Corning Inc., Corning,
NY, USA) for 1 week, after which sphere formation was assessed
by counting the number of spheres (>3 cells) under microscope
(x200).

Drug Resistance Assay

Isolated SP and NSP cells were planted at 2,000 cells per well in
96-well plates, and the effect of the multikinase inhibitor Sorafenib
(2 pM) (Cell Signaling Technology. Inc., Danvers, MA, USA) and
IFNo (4,000 IU/mL) (OIF, Otsuka Pharma Co., Ltd., Tokyo,
Japan) was examined. Drug resistance was determined after
treatment for 72, 96 or 144 hours by MTT assay.

Tumorigenicity Assays of SP and NSP Cells in vivo

To explore tumorigenic capacity, SP and NSP cells (1, 10 or
100x107) were isolated from the two RCC cell lines, placed in
100 pL medium, and separately injected into the subcutaneous
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